Asymmetric synthesis of [1S,2S,3R,4R]-2,3-dihydroxy-4-hydroxymethylcyclopent-1-ylmalonate (its racemic form is already known as a versatile building block for carbocyclic C-nucleosides) was achieved by Diels-Alder reaction of cyclopentadiene with di-l-menthyl acetoxymethylenemalonate, followed by retrograde aldol C-C bond fission under reductive conditions. Asymmetric induction in Diels-Alder reactions using the chiral dienophile and its nor-acetoxy derivative is discussed from a mechanistic viewpoint and a new concept for asymmetric induction is proposed.
Since the asymmetric Diels-Alder reaction of di-/-menthyl fumarate with acyclic dienes was reported by Walborsky et a1.1 ) in 1961, enormous amounts of work on this reaction using enoates of chiral alcohols as dienophiles have been reported. In order to improve the diastereomeric excess (d.e.), many chiral enoates have been examined as dienophiles either in non-catalyzed or in Lewis acid-catalyzed Diels-Alder reactions over the last two decades.2) Previously, we succeeded in the synthesis of carbocyclic C-nucleoside analogues via the adduct B obtained by Diels-Alder reaction of &methyl acetoxymethylenemalonate A with cyclopentadiene.31 The adduct B was then converted to the acetonide C, whose reductive retrograde aldol C-C bond fission (a) gave the versatile synthetic building block D (racemic) with complete stereoselection (Chart 1).
In order to extend this methodology to enantioselective synthesis of the compound D, it is necessary to examine the Diels-Alder reaction of chiral methylenemalonates. However, E=CO2Me (a): reductive retrograde aldol C-C bond fission (NaBH4/K2CO3/methanol, room temperature)
Chart 1 hydrogenation of 11 gave the dihydro derivative 12 as a mixture of endo-and exo-isomers. Reductive retrograde aldol C-C bond fission of 12 followed by acetylation gave rise to the cyclopentane derivative 14. The 1 H-NMR spectrum of 14 using Eu(FOD) as a shift reagent allowed the d.e. to be obtained precisely by using the acetyl group signal as the criterion.
The absolute structure of 11 was determined by its conversion to the known lactone 23 (Chart 6). According to the method previously described for the synthesis of carbocyclic Cnucleoside precursors in an achiral series using dialkyl acetoxymethylenemalonate as the dienophile,3) the adduct 11 was treated with osmium tetroxide to give the exo-diol derivative 15 which was subsequently protected with an isopropylidene group to produce the acetonide 16. Compound 16 was submitted to reductive retrograde aldol reaction to give the carbocyclic C-nucleoside precursor 17 in quantitative yield. Saponification of 17 with alkali followed by decarboxylation afforded the unprotected carboxylic acid, which was transformed to the M=l-menthyl Chart 7 carbonyl groups of the dienophiles (1 or 10) at the same time (E in Fig. 1 )11) and that this chelated species is the only dienophile in these reactions, affording the high d.e. value.12)
Experimental
All melting points were determined on a Yanaco model MP instrument, and are uncorrected. Optical rotations were measured with a JASCO DIP-340 digital polarimeter. Infrared (IR) spectra were measured on a JASCO A-102 spectrometer. 1H-NMR spectra at 60 and 100 MHz were recorded with JEOL JNM-PMX 60 si and JEOL JNM-FX100 spectrometers using tetramethylsilane (TMS) as an internal standard, respectively. The abbreviations of signal patterns are as follows: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; dd, doublet of doublet; br, broad; br s, broad singlet. Low-and high-resolution mass spectra (MS) were obtained on Hitachi M-52G and JEOL JMS-01SG-2 instruments, respectively. Wakogel (C-200) and Merck Kiesel-gel 60 F254 were employed for silica gel column and preparative thin layer chromatography (TLC), respectively. The ratio of solvent mixtures for chromatography is shown as volume/volume. 
